The effects of spraying sweet cherry trees with calcium nitrate and naphthalene acetic acid (NAA) and their combination during the rainy season were investigated. 1. Spraying with 0.5% calcium nitrate solution significantly reduced the cracking index of 'Napoleon' sweet cherries and the percentage of cracked fruits under rain without any visible residue and damage from the chemicals. 2. Application of NAA at 0.5, 1 and 2 ppm on 'Satohnishiki' reduced the cracking index and the percentages of cracked fruits to 15 to 30% and 13 to 40% of the control, respectively. In 'Napoleon' sprayed with Ca(NO3)2 and NAA, the cracking index and % cracked fruit decreased to 20 to 38% and 26 to 66%, respectively.
Introduction
Fruit cracking is a serious problem in the production of sweet cherries when rain occurs near harvest time. Selection of cultivars resistant to cracking, use of rain shelters, and spray treatments of several chemicals were thought to be main approaches to reduce the cracking (Yamamoto, 1991) .
Spray treatments have been reported to reduce the cracking, e.g., calcium solutions (Ackley and Krueger, 1980; Bangerth, 1973; Bullock, 1952; Foster, 1937; Ono et al., 1951) , ethyl oleate as a promoter of transpiration (Harrington et al., 1978) , and antitranspirant films as inhibitors of water absorption through fruit surface (Davenport et al., 1972; Tomari and Ishizuka, 1966) . However, unfavorable side effects such as spray residue or damage from the chemicals, reduce the practical applications of these methods.
There are only a few reports on spray treatments with plant growth regulators. Results of gibberellic acid spraying (Proebsting et al., 1973) differed too much as to give any reliable indication of their practical value. Naphthalene acetic acid (NAA) applications showed marked reduction of cracking index of several cultivars of sweet cherries (Bullock, 1952; Tabuenca, 1985) . However, only 2 experiments were reported concerning NAA but they omitted the field tests, further experiments should be carried out.
In Results and Discussion
Damage from calcium solution
In preliminary tests conducted 10 days before harvest, both leaves and fruits of 'Napoleon' were seriously damaged by 2 to 4% calcium nitrate solutions (Table 1) . At 1%, apexes of the fruit received moderate damage (Table 1) . At 0.5%, slight necrosis occurred occasionally at the fruit apex, probably because of a higher concentration of the chemical by evaporation of water from the persistent droplet. However, the discoloration associated with the slight necrosis often disappeared blending with the natural coloring. Presumably, the necrosis is thought to be derived from the toxicity of nitrate ions at higher concentration and their high rate of absorption or the high osmotic concentration. Unlike the necrosis, a white spray residue of Ca chemicals is evident in spray treatments of other Ca chemicals, namely Ca(OH)2 (Bangerth, 1973; Bullock, 1952; Verner, 1938) , CaCO3, or Bordeaux mixture (Foster, 1937; Verner, 1938) . These residues are derived from the low solubility and the low rate of absorption of these Ca chemicals through the fruit surface. In the present study, no such residues were observed after spraying with calcium nitrate solutions.
The effects on the cracking index and the percentage of cracked fruits under natural rains
Total precipitations during 2 weeks before harvest, a period including the fruit growing stage sensitive to cracking, were 67 mm for 'Satohnishiki' and 111 mm for 'Napoleon'.
Spray treatments with NAA led to a large reduction in the cracking of 'Satohnishiki' (Table 2) ; at 0.5, 1 or 2 ppm NAA, the cracking index was reduced to 15 to 30% of the control, while the percentage of cracked fruits under rains decreased by 13 to 40%.
Likewise in 'Napoleon', NAA, Ca and the combined treatments led to a significant reduction in both the cracking index and the percentage of cracked fruits (Table 3) . A single spray of NAA at 3 concentrations reduced cracking index to 20 to 38% of the control, while the percentage of cracked fruits was reduced to 26 to 66% of the water treatment. The maximum reduction in the combined treatment of 1 ppm NAA and 0.5% calcium nitrate amounted one eighth of the control for both the cracking index and percentage of cracked fruits (Table 3 ). The mean Brix0 of the treated fruits as well as that of the fruits treated with 2% NAA was significantly lower than that of control fruits (Table 3) . Table 3 shows that more useful results could be obtained with the combined spray treatments than with the single ones at all concentrations of NAA.
Cumulative percentages of cracked fruits in the immersion treatment
Cumulative percentages of cracked fruits and the cracking index were calculated ( Figs. 1 and 2 ).
These curves show the inhibition of cracking by application of these chemicals. However, the mechanism of the inhibition is not fully explained in previous reports. Several ions, especially calcium ions, which have a strong effect in preventing fruit cracking, are thought to have a strong precipitation or cross-linking effect on pectin (Bangerth, 1973) . This suggests that the calcium in the cell wall, especially that in the middle lamella, plays an important role in the fruit cracking process. On the other hand, Glenn and Poovaiah (1989) confirmed that Ca has no effect on the rate of water absorption by cherry fruits. Bullock (1952) demonstrated in a laboratory test that with 'Bing' fruits sprayed early in the season with NAA, the percentage of ripe fruits which cracked in the immersion solution was about one third of the control. This effect of NAA was reexamined by Tabuenca (1985) who found that the cracking index was reduced to about one half of the control by prespraying 'Bing', 'Napoleon', ' Marmotte'
and 'Daiber' with 1 ppm NAA, whereas in our present study, we found the cracking index in the control to be 42.22 (Table 3) . Glenn and Poovaiah (1989) reported that water absorption increased markedly through cuticular frac- 
